In this paper, we present evidence to show that the dynamics of rigid solid bodies is not a closed discipline, particularly in the field of rotational dynamics. From the observation of bodies with intrinsic rotation in our universe, our research group proposes new dynamic hypotheses that explain the behaviour observed when these bodies are subject to new simultaneous non-coaxial rotations. A new gyroscopic conical pendulum was designed for this purpose. Experimental tests initially conducted with this new gyroscopic conical pendulum were repeated for their recording on video, which accompanied this paper for better understanding thereof. These experimental tests positively confirm the new Theory of Dynamic Interactions, and its dynamic laws, which help us to understand the behaviour of this pendulum and, in general, that of the baryonic mass when it is subject to non-coaxial simultaneous rotations. It thus provides a better understanding of the nature and the dynamic behaviour of our universe.
Introduction
The findings of the Bernoulli's, Riccati and especially D'Alembert and Euler, followed by that of Lagrange, Laplace and Hamilton, meant that from the 19 th century Mechanics could be considered a mathematically defined and fully modelled science. However, if we analyze Rotational Dynamics specifically, we cannot be satisfied or share that same approach.
It was in fact Euler who established the equations of motion of rotating solid bodies [1] . His studies on rotational dynamics culminated in the publication of his work Theoria motus corporum solidorum seu rigidorum [2] . In said work, he expresses the rotation of the main axes of the body in relation to the other three fixed axes, through the use of three variable angles, which determine new angular coordinates, and through very similar formulas to those currently known.
The orientation of a rigid solid body can be determined from Euler's angular coordinates. If these coordinates are known depending on time, we will be able to deduce the temporal evolution of its orientation. These are Euler's equations, based on which we should be able to determine the trajectory of a body subjected to multiple momentums.
Euler's equations are to rotational dynamics what Newton's second law is to translational dynamics. The problem is that those equations, which are consistent and formally correct, do not allow a general solution apparently both from the physical and purely mathematical point of view, because they generate complex equations that in most cases can only be solved approximately.
I never felt satisfied that some equations of motion would not allow a general solution, so, when I discovered a few years ago an alternative proposal based on the Theory of Fields, it appeared to be an attractive solution that caught my interest.
The Pendulum
By observing in nature the constancy of the relationship between orbiting and intrinsic rotation, Gabriel Barceló deduced the principle that: Everything that orbits, rotates [3] ; or rather, everybody that moves through an orbit simultaneously rotates on an intrinsic axis. He deduced this principle from observing the planetary system, the rings of Saturn and also the behaviour of the spinning top.
He understood, however, the need for empirical checks to confirm or rectify the new dynamic hypotheses deduced from the aforementioned principle and, where appropriate, to be able to explain that behaviour by formulating a new dynamic theory that would simultaneously resolve other Rotational Dynamics phenomena and generalize inertial phenomena.
He initially carried out various experimental tests, some of them with pendulums. A simple pendulum moves on a plane, with the only forces existing being the weight P and the tension of the string T, as shown in Figure 1 . The pendulum motion is induced by the weight of the hanging mass, which is moved initially.
The laws of the pendulum were amply known and did not require testing. In accordance with Classical Mechanics, we assumed that the pendulum would maintain the same behaviour if the passive mass of the pendulum was replaced by a rotor with intrinsic rotation. However, based on his observations and his dynamic hypotheses, Barceló believed that if the neutral mass of the pendulum was replaced by a mass body with intrinsic angular momentum, the behaviour would be clearly different.
Figure 1.
Simple pendulum motion on a plane [4] .
He therefore designed the new pendulum from which he hung a gyroscope (Figure 2) . If the pendulum swung without any intrinsic rotation in the gyroscope, it would exhibit the usual behaviour: trajectories only on one plane. However, if the rotor of the gyroscope rotated, he noted that the swinging motion of the pendulum was not limited to a flat trajectory in this case, but it displayed a conical motion in space. It produced an elliptical motion on the horizontal plane. In accordance with Classical Mechanics, the observed spatial movement must have been due to a central force, and would be obtained when the result of the tension of the string T and the weight g m = P were balanced, generating a centripetal force F cp equivalent to the supposed centrifugal force that determined that trajectory. According to Classical Mechanics, that force was necessary to be able to explain either the circular or elliptical movement in space of the pendulum mass.
After confirming that if a gyroscope with intrinsic rotation was suspended, the pendulum would maintain that spatial behaviour, we attempted to determine the reason for this behaviour of the gyroscopic conical pendulum and confirm that this behaviour was not an isolated phenomenon, but rather the usual behaviour of all pendulums with masses with intrinsic rotation.
It should be pointed out that we could observe two non-coaxial rotations on the new pendulum: firstly, the intrinsic rotation of the rotor and secondly, the rotation of the rotor on the hanging point, due to the pendulum motion. According to Newton-Euler equations, both rotations should generate a new resulting rotation, and the pendulum motion should be maintained on a constant plane, as shown in trajectory I of Figure 3 .
Rather, the pendulum initiated a spatial movement, similar to that of trajectory II of the aforementioned Figure 3 . He therefore observed that Classical Mechanics could not account for the behaviour of the pendulum. It was therefore necessary to also determine the origin of that apparent contradiction and how to correctly formulate this behaviour, as well as, in case it could be generalized, the true laws that define the behaviour of bodies subjected to different non-coaxial rotations. From these experimental tests and their findings, Professor Barceló devised and developed the Theory of Dynamic Interactions in order to respond to these rotational phenomena.
Analysis of the Experimental Result
Firstly, the Advanced Dynamics research group tried to explain this behaviour based on the Classical Mechanics field [6] . According to the above, in this rational mechanics scenario, the deviation of the pendulum mass could only be possible if there was a centrifugal force equivalent to the centripetal force F cp that generated that spatial trajectory, modifying the flat trajectory which would otherwise maintain an inert mass. In accordance with D'Alembert's principle [7] , the centrifugal force indicated in the orbital trajectory of the pendulum mass had to be balanced with the centripetal force F cp , and, according to Classical Mechanics, would be determined by the equation: F = mV 0 ω, where V 0 is the initial translational velocity vector, and ω the angular velocity of the intrinsic rotation. This apparent force would be perpendicular to the theoretical axis of the precession and the initial linear velocity of the center of gravity of the moving object with intrinsic angular momentum.
But such external force did not exist, so we deduced that it was necessary to explore other possible causes within the field of Classical Mechanics, for example, if there might be an aerodynamic reason, such as air resistance, or even the Magnus effect. We could notice some similarity between the phenomenon observed and that of spinning balls whose trajectory is curved, with the Magnus effect being commonly produced here.
Looking at the projection of the movement of this gyroscopic pendulum on a horizontal plane, equivalent to the shadow cast on the ground due to the effect of light from the ceiling on the gyroscope, we noted that it is equivalent to that of a point mass on the plane under an attractive force that is always oriented towards the origin. In this type of movement, the angular momentum of the pendulum L remains unchanged, where: L = ωmr 2 (m, mass of the pendulum; r, distance to origin of coordinates; ω, angular velocity).
For small deviations, the motion of the pendulum can be broken down into two independent oscillations-according to the X axis and the Y axis-which are 90˚ out of phase, with angular frequency w g l = depending on the length of the pendulum l (where g is the gravitational acceleration). Therefore, it follows an ellipse with the center in the coordinate's origin, which we can place on the vertical line of the equilibrium point of the pendulum, specifically on the shadow of this point.
For simplicity, we set in motion the pendulum from one of the four vertices of the ellipse at a distance a (semi-major axis) from the center. After releasing the gyroscope of the pendulum it moves by gravity, following the trajectory in is the area of the cross-section against the wind, ρ A is the air density, v is the velocity, and • The lift force S due to the possible Magnus effect, which could also be determined with an equation equivalent to the resistance R, replacing the drag coefficient c r with a lift coefficient c S :
Quantitatively, the supposed apparent precession force F, that could force the pendulum to make its orbit, is far higher than the force S that could be generated by the Magnus effect. A careful estimate of the S/F ratio for pendulum motion on an elliptical path provides a value clearly lower than 0.01, so any possible aerodynamic effect has minimal impact on the actual behaviour of the gyroscopic pendulum.
This situation made it possible to imagine that much of the dynamic behaviour attributed to the Magnus effect had not been accurately assessed, with that assumption arising from the fact that it was difficult to quantify and determine, without a true and precise calculation of the phenomenon, and without accurately deducing the true dynamic behaviour of the bodies with intrinsic angular momentum. However, doubt remained over whether the actual quantification of the Magnus effect could in fact confirm the results attributed to it, or whether this was a superficial analysis of the physical phenomenon.
To [8] .
The deviation of the gyroscopic pendulum was clear; however, from the tests and calculations the existence of external forces or impact of aerodynamic forces had been ruled out, so the research group felt that there had to be other, hitherto unidentified, dynamic causes. We were faced by the challenge of determining the true nature of that behavioural anomaly of the pendulum with intrinsic angular momentum in its mass.
In other observations and experimental tests similar phenomena were noticed, such as those in the spinning top, epostracism (throwing stones that bounce on a flat water surface) and the boomerang. In all these other cases, if the phenomenon is carefully analyzed, two simultaneous rotations of the body on different axes are also observed, and the coupling of these non-coaxial rotations does not occur.
From these observations, the Advanced Dynamics research group deduced that the error was possibly in the application of vector algebra to rotations, so nature did not follow Newton-Euler laws for non-coaxial simultaneous rotations acting on the same rigid solid body, free in space. We believed that there was sufficient evidence to assume that it was necessary to devise a new dynamic model to explain that behaviour [9] .
Being unable to identify a specific external centrifugal force that would generate the behaviour of the gyroscopic pendulum, and given that said behaviour was only produced when the gyroscope rotated on its main axis, it was obvious that there was a cause-and-effect correlation. It was therefore deduced that the orbiting movement must have come from the inertial phenomenon of dynamic interaction, due to the intrinsic rotation of the rotor, which had to be discovered and explained.
Experimental Tests
Professor Barceló made the observations and performed the aforementioned experimental tests, confirming his inertial dynamic hypotheses. However, no evidence remains from these tests. That is why Alberto Pérez, collaborator and expert in the theory, wanted to repeat these tests, even designing new specific pendulums with angular momentum and producing a video with evidence of the results obtained. This new video can be viewed at the following address: www.advanceddynamics.net/the-pendulum-video.
As Alberto Pérez points out in the video, it is important to highlight that the pendulum designed by Professor Gabriel Barceló for his experiments (referred to in his book A Rotating World [10] ) had not been previously created. Consequently, the Barceló Pendulum or Pendulum of Dynamic Interactions (PDI) is an invention of this professor, about which we found no historical references or previous information, but which clearly illustrates the true behaviour of nature, when submitted to non-collinear multiple rotations. This pendulum clearly demonstrates the principles set out by the Theory of Dynamic Interactions.
As the video shows, the Pendulum of Dynamic Interactions is characterized by the fact that, whenever the rotor has angular momentum, the pendulum does not swing on a constant plane as pendulums do normally, but rather has spatial oscillation and the gyroscope follows a conical trajectory, moving over the ground in a curved line (Appendix).
To explain this behaviour, Dr. Barceló proposed analyzing the variation of the different dynamic magnitudes within the body itself, in particular in the rotor constituting the gravitational mass of the pendulum, with this al-so differentiating it from a classic pendulum. The aim was to apply the Theory of Fields to the body with a different trajectory. The video not only shows the existence of a translational velocity field due to the weight, but also other velocity fields generated in the rotating mass due to its simultaneous non-coaxial rotations, requiring further analysis.
Firstly, there was the velocity field generated by the rotation of the disc or rotor about its axis of symmetry, but it was also necessary simultaneously to identify the nature of the velocity field due to a new rotation produced in the rotating disc in its pendulum motion. If the first two fields, translation and rotation, were clearly defined, this third field evolved in a unique way. It was generated as a new non-coaxial rotation, but the main rotation modified its configuration at each point of the mass. In this way we were able to identify a new anisotropic velocity field, due to the weight torque, but of different magnitude in each material point of the disc, depending on its position on the new theoretical axis of rotation. Each mass particle changes its linear velocity by the action of that variable momentum, in each of the positions that it traces in a 360˚ rotation. After a rotation, the result will be the generation of a velocity field with a new law of distribution.
We believe that this description of the dynamic phenomenon analyzed faithfully reflects the true behaviour of nature, and helps to clearly explain the inertial reactions of the mass of the bodies and the so-called gyroscopic momentum, too.
Having identified the fields that affect the mass, the question now was to define how the magnitudes of those fields could overlap each other or couple together. We were able to apply the Poinsot hypotheses [11] assumed by Classical Mechanics, and recognize that the fields due to rotations coupled together, outside the translation fields. However, after detailed observation of these phenomena, the Advanced Dynamics research group reached the conclusion that there were no grounds for maintaining the Poinsot hypotheses. We deduced that the trajectory observed was explained if we assumed that the velocity field of the rotation of the disc or rotor about its axis of symmetry remained independent and the translational velocity field coupled together with the anisotropic velocity field generated by the rotation due to the weight torque.
The spatial trajectory of the gyroscopic pendulum was therefore duly explained. Furthermore, these same arguments could be applied to explain other rotational phenomena observed in the boomerang or the spinning top. A new dynamic model could be devised in which the orbiting movement was generated directly by dynamic interaction, i.e. by a coupling between the translational velocity fields of each mass point of the pendulum and the anisotropic velocity field generated by the new simultaneous non-coaxial rotation. Following these hypotheses, the orbiting trajectory was fully explained and the existence of a supposed fictitious central force was not a prerequisite. We needed to confirm whether the inertial behaviour of rotating bodies had more widespread application.
Theory of Dynamic Interactions
If we analyses carefully the result of the experimental tests, [12] we can confirm that the behaviour is similar to other cases observed, such as the submarine, spinning top or boomerang, in which simultaneously non-coaxial rotations are also produced.
The first experimental tests were carried out by the Advanced Dynamics private research group, and a presentation video of these tests was produced [13] . Other tests were subsequently carried out by other independent specialists. For example, Alberto Pérez performed tests with moving objects over land, producing a video [14] and an article in which his experiments confirmed the new theory for explaining the mechanical behaviour of rigid solid macroscopic bodies subjected to rotations, expressing in his conclusions:
This [15] .
In all cases, and in accordance with the Theory of Dynamic Interactions, we can say that: The anisotropic distribution of velocities generated by the momentum of the weight, i.e., the velocity field V c , is coupled algebraically with the initial translational velocity field V T , generating the curved trajectory… [16] .
This curved trajectory can be represented by a velocity field V R , obtained by adding the initial translational velocity field V T , with the inhomogeneous velocity field V c , created by the non-coaxial momentum with the main rotation of the pendulum mass, generating this coupling of fields at each of the mass points of the pendulum ro-tor.
This dynamic behaviour has been expressed through a simple equation, in which the resulting speed V R is obtained from the initial speed V 0 , by applying an operator:
The operator Ψ   acts on the initial speed in such a way, that the end speed will be defined by the matrix multiplication of the operator and the initial speed. [17] . [18] .
This is a general equation of motion for bodies with angular momentum that are subjected to successive noncoaxial torques. For this equation, the rotational operator serves as a matrix that transforms the initial velocity, by means of rotation, into the velocity that corresponds to each successive dynamic state

It is possible to establish the design of rotational dynamics based on a physical-mathematical model in line with the obtained experimental results, which is consistent with the sustained dynamic hypotheses and with the expected behaviour in the mathematical model of simulation. We understand that this model, on which the Theory of Dynamic Interactions is based, could be useful for analyzing the dynamic behaviour of bodies in space, with axial symmetry, in certain specific assumptions
We have understood in the Advanced Dynamics research group that there are numerous examples of this behaviour, for example the boomerang clearly demonstrates the Theory of Dynamic Interactions. Indeed, the first book published by Professor Barceló about the theory [19] , which included a historical analysis of rotational dynamics, bears the very same title. Two articles were subsequently published with a detailed explanation of the dynamic behaviour of the boomerang [20] plus an explanatory video [21] .
Importance of the Theory
Although we have referred in this text to the behaviour of a new concept of pendulum, the impact of this research project is difficult to determine. The Theory of Dynamic Interactions not only defines the behaviour of this gyroscopic pendulum but also establishes new conceptual criteria, of a more general nature, to understand the behaviour of nature, meaning that the current laws of dynamics could be considered special and specific cases of this theory.
For example, Newton's laws would apply to the case of a physical model of behaviour, without force momentums. The Theory of Dynamic Interactions has led to suggestions that the Theory of Relativity should be reviewed [22] and doubts have been raised over Einstein's Equivalence Principle [23] . This theory should give rise to a review of the current concepts of astrophysics [24] . There should be special analysis of the subject matter entitled Imago Universi [25] which tells the fascinating history of human knowledge of the universe, while also proposing, developing and explaining the application of the Theory of Dynamic Interactions to afford us a better understanding of the dynamic enigmas that surround us. A webpage has been published [26] and a presentation video produced [27] on this text. This theory has also had numerous technological applications [28] , with its application being devised in the control of moving objects, in astronautics [29] , in nuclear fusion plants [30] or for interpreting climate phenomena with rotating fluid masses, such as typhoons or tornadoes [31] .
Conclusions
We have presented evidence to show that the dynamics of rigid solid bodies is not a closed discipline and that new horizons for developing this subject matter can be opened up, particularly in the field of rotational dynamics. We have proposed confirmation of the principle that in nature "Everything that orbits, rotates", by observing the behaviour of a new gyroscopic pendulum.
The tests carried out and behaviour observed in this new pendulum have been described and repeated. The statement of the new Theory of Dynamic Interactions has been recorded and repeated, and is more generalist, structured, with defined laws [32] for bodies submitted to non-coaxial simultaneous rotations, helping us to better understand the nature and dynamic behaviour of our universe.
In light of the above, we can say that the initial dynamic hypotheses have been confirmed and verified from the experimental tests conducted, confirming that the behaviour of this gyroscopic pendulum and, generally, that of bodies with intrinsic rotation submitted to non-coaxial simultaneous rotations is consistent with the predic-tions of the Theory of Dynamic Interactions. All of this can be checked by watching the video with the experimental tests performed at the following address: www.advanceddynamics.net/the-pendulum-video. [33] .
He did confirm repeatedly that this pendulum which he had designed with a rotating gyroscope did not swing in a plane, and that the gyroscope modified its spatial position as soon as it started its intrinsic rotation. He added:
In This could be proof positive that orbiting and rotation were not independent, so they should not be treated as such; we analyzed with interest the behaviour of this pendulum [34] .
Initially Barceló thought about the possible existence of a central force that generated the trace in space, and not constantly in a vertical plane, and even if it was due to an external agent, so he expressed in his book:
However, we had to determine its true cause, for example if air resistance, the Magnus effect, or another aerodynamic effect generated this force. For our purposes, it was sufficient to consider the projection of the pendulum motion of the gyroscope on a horizontal plane, i.e., the shadow cast on the ground due to the effect of light from the ceiling on the gyroscope. Let us fix, within this plane, the origin of our coordinate system on the point of equilibrium of the pendulum, more precisely, on the shadow of this point. The movement of the shadow of the pendulum is the same as that of a point mass on the plane under an attractive force [35] .
After repeating the experiment with a simple steel ball suspended by a rope and provided with intrinsic angular momentum, he came to the conclusion that …the force due to the Magnus effect is insufficient to move the steel ball with the anticipated result, and obviously it did not justify the obtained result.
Having discounted the Magnus effect, or any other external agent, he thought that there was not any kind of outside force that could generate the obtained trajectory in this pendulum but, with its deviation still evident, Barceló concluded that there had to be other hitherto unidentified causes:
However (Figure 5) . The existence of a central force was not a prerequisite in this hypo-thesis, despite the apparent motion induced by a force of this kind. It was necessary to confirm whether it was possible to generalize the inertial behaviour of rotating bodies [36] .
This intuition, watching that pendulum suspended with a gyroscope in rotation, allowed him to develop the Theory of Dynamic Interactions. This uses the Theory of Fields to explain this phenomenon, and interpret other multiple phenomena of rotational dynamics.
In the system studied we have all the necessary ingredients required by the Theory of Dynamic Interactions: -A Main Angular Momentum on the rotor part of the hanging body. -A Secondary Torque, which is driven by gravity. -A Rectilinear Momentum, inherent characteristic of any hanging body in any functional pendulum.
Therefore, Barceló could watch how the oscillating mass exhibited a variation in its initial Rectilinear Momentum in terms of direction. This is due to the fact, according to the Theory of Dynamic Interactions, that the field of anisotropic velocities, generated by the so-called Secondary Torque (the weight of the rotor in the gyroscope) is dynamically coupled with the Translational Velocity Field, with the initial Main Angular Momentum remaining constant. We not observed the estimated trajectory of Classical Mechanics (Figure 6 ). The observed curved path corresponds to algebraic sums of Velocity Fields, whereby we observe a swinging pendulum in space but not in a constant plane (Figure 7) . Due to the natural effect of Dynamic Interactions described by the Theory of Dynamic Interactions, we are looking at a behaviour that bears no resemblance to any other pendulum in history: The Pendulum of Dynamic Interactions, discovered by Barceló, shows a peculiar behaviour, its center of mass marking a special trace that can be justified by referring to the Theory of Dynamic Interactions.
This theory holds that a dynamic coupling between the translational velocity field and the anisotropic velocity generated by the non-coaxial force will occur. This field overlapping will produce a new curve trajectory of the center of mass of the body, equivalent to that exerted by a central force without the existence of it.
Through his studies and trials, Barceló has come to realize that the observed behaviour in this pendulum can be generalized to all free bodies in space that have intrinsic angular momentum and rectilinear translational motion (linear momentum) when they are subjected to new torques or new non-coaxial forces with the existing angular momentum. This behaviour even represents evidence of a possible transfer of rotational dynamic energy to translational dynamic energy or vice versa.
In the event that the acting torque is constant, as in the case of gravity, the deviation will also be constant, obtaining as a trajectory a closed orbit that turns into a spiral caused by friction with the earth's atmosphere.
This was how Barceló also became convinced that, in nature, bodies that orbit also rotate, with a mechanical correlation existing between both natural phenomena.
